Abstract Research on neighborhoods and health has been growing. However, studies have not investigated the association of specific neighborhood measures, including socioeconomic and built environments, with cancer incidence or outcomes. We developed the California Neighborhoods Data System (CNDS), an integrated system of small area-level measures of socioeconomic and built environments for California, which can be readily linked to individual-level geocoded records. The CNDS includes measures such as socioeconomic status, population density, racial residential segregation, ethnic enclaves, distance to hospitals, walkable destinations, and street connectivity. Linking the CNDS to geocoded cancer patient information from the California Cancer Registry, we demonstrate the variability of CNDS measures by neighborhood socioeconomic status and predominant race/ethnicity for the 7,049 California census tracts, as well as by patient race/ethnicity. The CNDS represents an efficient and cost-effective resource for cancer epidemiology and control. It expands our ability to understand the role of neighborhoods with regard to cancer incidence and outcomes. Used in conjunction with cancer registry data, these additional contextual measures enable the type of transdisciplinary, ''cells-to-society'' research that is now being recognized as necessary for addressing population disparities in cancer incidence and outcomes.
Introduction
We now know that like real estate, health is location, location, location. Where you live makes an enormous difference in terms of the air you breathe, the schools you go to, the work, transportation, housing, streets, violence levels, etcetera, that you live with on a day-to-day basis. So unless we create some innovative strategies to fundamentally change the nature of disadvantaged neighborhoods, we're in trouble. George Kaplan [1] .
A growing body of research [2] is demonstrating that health in human populations [3] is affected by the environment in which we live, including their social [4] , socioeconomic, and built [2, 5] aspects (i.e., man-made surroundings that provide the setting for human activity [6] ). Initially, this work involved area-based socioeconomic measures [7] although only as proxies for individual-level socioeconomic status (SES) [8] [9] [10] [11] . However, studies have shown consistently that area-based socioeconomic measures and related neighborhood socioeconomic factors are associated with health outcomes independent of individual-level factors [12] [13] [14] , including SES [15] [16] [17] [18] [19] . Haan et al. found higher mortality for California residents of a federally designated poverty area than for those living in non-poverty areas, even after adjusting for characteristics of the individual residents [15] . Yen and Kaplan reported that contextual socioeconomic and built environments (e.g., commercial stores, SES, population and size of census tract, housing (renters and single-family dwellings)) were strongly associated with mortality after adjusting for the same individual-level social and behavioral factors as Haan et al. [19] . These observations led to a new generation of research demonstrating that something about the neighborhood itself impacts a variety of health outcomes [3, [20] [21] [22] [23] [24] [25] [26] [27] . More important, these studies suggest that interventions and policies that focus only on individuals and ignore the neighborhood environment may be less effective in improving public health than interventions that focus on both individuals and their neighborhoods [17] .
To date, little attention has been paid to the effects of the socioeconomic and built environments on the occurrence of cancer or on the quality and duration of life following a cancer diagnosis. Yet, the socioeconomic and built environments have potential to impact cancer incidence and/or outcomes through a number of mechanisms, including those that involve behavioral risk factors, stress, access to health care and resources, social support, social capital, and collective efficacy (i.e., shared beliefs among neighbors about their shared capability for action [28] ) [29] [30] [31] . Research into these possibilities should be feasible, given that the United States has strong systems of populationbased cancer registration, with information routinely collected on cancer patient demographics, diagnosis, treatment and survival through state and federal programs (the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) program, Centers for Disease Control and Prevention National Program for Cancer Registries, and state departments of health). These cancer surveillance data have been vital to the monitoring of detailed cancer patterns [32, 33] , and their research value has been further enhanced through linkages to complementary databases, such as claims data for characterizing treatments and comorbidities from Medicare [34, 35] , sociodemographic data from the National Longitudinal Mortality Study (NLMS) [36, 37] , insurance status data from Medicaid [38] , birth characteristics data from birth certificates [39, 40] , and environmental exposure data from various sources [41] [42] [43] [44] [45] [46] . Supplementation of cancer registry data through such linkages has enabled better understanding of the impact of these additional factors on cancer incidence and outcomes at the population-level. For example, the addition of area-based socioeconomic measures to cancer registry data led to profound advancements in public health knowledge about the joint effects of SES and race/ethnicity on cancer population patterns [11, [47] [48] [49] [50] .
Because population-based cancer registry data are routinely geocoded, opportunities also exist to integrate these data with existing area-based census and other geographic information systems (GIS) data on patient neighborhood environments such as land-use patterns, housing density, and street patterns. The joining of these two types of geocoded data would permit surveillance of cancer patterns enhanced by including patient neighborhood in addition to individual characteristics in analyses. This richer data resource would have significant potential for enabling much-needed breakthroughs into the prevention of the occurrence of cancer as well as its adverse outcomes.
Toward this end, we compiled the California Neighborhoods Data System (CNDS), an extensive set of geospatial data to characterize the socioeconomic and built environment in California. Because of California's size and diversity, this data set is both large and diverse in geographic, racial/ethnic, and socioeconomic characteristics. Further, to explore associations of the socioeconomic and built environment with cancer incidence, diagnosis, treatment, and survival on the population level, we linked the CNDS to patient records in the California Cancer Registry (CCR), the statewide population-based cancer surveillance system that also comprises three SEER registries.
We describe here the methods used to compile the CNDS and present descriptive statistics to illustrate the variability of the socioeconomic and built environment measures across California neighborhoods by SES and racial/ethnic composition. We also present these measures for cancer patients by race/ethnicity, using colorectal cancer as an example, and discuss the potential usefulness of the CNDS in cancer surveillance research.
Methods

The California Neighborhoods Data System (CNDS)
To establish the CNDS, we identified sources of geospatial data for characterizing the neighborhood socioeconomic and built environments of California, focusing on publicly available databases (e.g., national data sources such as the Census) obtained at no or minimal cost (with the exception of business listing data) for cost effectiveness. After downloading the data, we geocoded records, when necessary, and used either new or existing measures to operationalize the variables. We compiled only data available at a census tract (CT) or finer level, as prior research has shown that census tracts are a reasonable level of geography for estimating neighborhood effects [51] [52] [53] . The CNDS thus contains information on socioeconomic and built environment measures for all 7,049 CTs in California, except for 47 CTs for which information was unavailable due to inadequate population size. Table 1 shows the specific socioeconomic and built environment data in the The rural-urban commuting area (RUCA) codes classify U.S. census tracts using measures of population density, urbanization, and daily commuting. The classification contains two levels. Whole numbers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] delineate metropolitan, micropolitan, small town, and rural commuting areas based on the size and direction of the primary (largest) commuting flows. These 10 codes are further subdivided to permit stricter or looser delimitation of commuting areas, based on secondary (second largest) commuting flows. The approach errs in the direction of more codes, providing flexibility in combining levels to meet varying definitional needs and preferences.
Categories used include metropolitan (defined as urbanized areas of 50,000 people or more with a density of 1,000 people or more per square mile as well as outlying areas where at least 5% of workers commute into an urbanized area); micropolitan (defined as large urban clusters of at least 10,000 but less than 50,000 people or outlying areas where at least 10% of workers commute into a large urban cluster); small towns (defined as small urban clusters of 2,500-9,999 people or outlying areas where at least 10% of workers commute into a small urban cluster); and rural areas (any remaining areas not considered an urbanized area or urban cluster). [31, 70, 87, 88] .
Level of geography = Census places with at least 10 census tracts
Housing environment 2000 US Census data [82] Housing variables at the block group level from census data as described by: % of non-single family units; % of housing structures with more than 10 units; % crowded (defined as % of houses with C1 person per room); % of households renting.
Level of geography = Census block-group and tract
Street connectivity Center for Population Health and Health Disparities (CPHHD) [13] A RAND Health Program [89] Increasingly used as a measure of walkability [84] . Street network based measures calculated per census tract, including ratio of street segments to intersections; median and average block size (sq ft); median and average length of street blocks (ft); gamma measure (ratio of actual number street segments to maximum possible given the number of intersections); and alpha measure (ratio of the actual number of complete loops to the maximum number of possible loops given the number of intersections).
Level of geography = Census tract
Neighborhood immigration/ acculturation
2000 US Census data [82] Selected measures to capture immigration and acculturation characteristics among residents: % foreign-born; % recently immigrated (defined as immigration from 1995 to 2000); % with poor English language proficiency (defined as those who speak English ''not well'' or ''not at all''); % linguistically isolated households (defined as households in which no person 14 years old and over speaks only English and no person 14 years old and over who speaks a language other than English speaks English ''very well''). Composite ''ethnic enclave'' measure created by principal component analysis of indicator variables at the Census block-group and tract level. An ethnic enclave is geographical unit that maintains more cultural mores and is culturally and/or ethnically distinct from its surrounding area. The index is categorized into quintiles with 1 representing the least ethnic (or most acculturated) and 5 the most ethnic (or least acculturated).
Hispanic-specific index: % foreign-born; % recent immigrants; % households that are linguistically isolated; % of Spanish language-speaking households that are linguistically isolated; % all language speakers with limited English proficiency; % of Spanish language-speakers with limited English proficiency; % Hispanic. Level of geography = Census block-group and tract CNDS and cites the prior studies evaluating the validated or otherwise conceptualized measures used. For consistency, this paper presents data for all measures at the CTlevel.
To illustrate how the socioeconomic and built environment measures in the CNDS vary by common sociodemographic factors at the neighborhood-level, we determined distributions of the socioeconomic and built environment measures for California CTs overall and then stratified them by: (1) statewide quintiles of a commonly used composite index of SES [54] (which includes Census data on education, income, occupation, and housing costs) and (2) the predominant race/ethnicity of the CT (defined as [50% non-Hispanic White (called ''White''), non-Hispanic Black (called ''Black''), Hispanic, non-Hispanic Asian/Pacific Islander (called ''API''), or mixed, if not any of the previous).
CNDS-CCR
To employ the CNDS for cancer-related research, we obtained cancer information from the CCR, which is the largest, contiguous-area, population-based cancer registry system in the country, and has been collecting data under state mandate using uniform, high-quality reporting standards since 1988. We appended all CCR cancer patient records to the CNDS using geocodes based on residential address at diagnosis from the CCR. In addition to a range of patient demographic and tumor information, the CCR also includes data on the reporting (usually diagnosing) hospital for each diagnosis and has been linked to hospital utilization data from the California Office of Statewide Health Planning and Development (OSHPD) to include information on hospital characteristics, such as the facility's number of beds, ownership status, and Medicaid enrollment [55] [56] [57] [58] [59] [60] . In addition, for each California hospital, we have determined academic or teaching status, and any affiliation with an NCI-designated cancer center, and computed measures of racial/ethnic cancer patient composition for each hospital. Thus, the CNDS-CCR also includes data on institutional characteristics, including distance to and characteristics of hospitals.
To describe variations in socioeconomic and built environment measures for a population-based sample of CCR cancer patients, we linked each measure at the CTlevel to in situ and invasive colorectal cancer cases diagnosed in California during the period 1996 through 2004. We selected colorectal cancer as an example because it is a commonly diagnosed cancer across both genders, and all racial/ethnic, and socioeconomic groups [61] , and this time frame because it is centered around and/or includes the time period when most of the contextual data were collected. All patient addresses at diagnosis had been geocoded and assigned a CT. Cases were excluded from the analyses based on having missing or invalid CT number (n = 710), missing or invalid latitude and/or longitude (n = 312), or geocoding based on something other than a complete and valid address (n = 6,438). This resulted in a sample size of 129,172 colorectal cancer patients for these analyses.
In addition to the socioeconomic and built environment measures for the contextual analysis, we included other Number of businesses in selected categories previously shown or theorized to be associated with built environment (e.g., walkability) [84, 95, 96] , and socioeconomic environment (i.e., desirable and undesirable social resources/amenities) [19] : food stores (supermarkets, convenience stores, and specialty food stores), eating places (restaurants, coffee shops, and bars), alcohol outlets, retail outlets (drugstores, video stores, hardware stores, and other retail outlets), services (banks, post offices, libraries, salons, and laundromats), and the total number of business or destinations (includes food stores, eating places, alcohol outlets, retail outlets, services, entertainment outlets, recreation facilities, and parks).
Level of geography = point-source
Cancer Causes Control (2011) 22:631-647 635 geocoded data for an individual-level analysis. These data include business listings, used for characterizing socioeconomic and built neighborhood resources, and the cases' hospital of diagnosis. For the business data, we computed the numbers and types of businesses within a 400 or 1,600 m zone around each patient's residence at diagnosis. We also computed the distance between the patient's residence at diagnosis and the diagnosing hospital with the ''greater circles'' distance calculation, which computes the shortest distance between two points along a sphere, such as the earth, using a SAS macro developed by the North American Association of Central Cancer Registries [62] . The colorectal cancer patient-level dataset was then linked to the CT-level socioeconomic and built environment measures in the CNDS. The distributions of these measures among cancer patients were stratified by race/ethnicity (Table 4) . [63, 64] . In general, ethnic enclaves refer to geographic units that tend to maintain more cultural mores and distinction from the larger surrounding area. Here, our conceptualization of ethnic enclave is based on an index that includes census variables (see Table 1 ) on the composition of the neighborhood residents in terms of its race/ ethnicity, language, nativity, and recency of immigration.) The association of SES with the enclave index is less pronounced for APIs than Hispanics because APIs have a high percent of foreign-born but also tend to be of higher SES. (Table 3) . Overall neighborhood SES is higher among predominantly White and API CTs than among predominantly Black and Hispanic CTs; however, predominantly Black CTs are more evenly distributed among the lowest three quintiles of SES whereas the vast majority of Hispanic CTs are in the lowest SES quintile. Despite being similar to White CTs for most measures, predominantly API CTs more closely resemble predominantly Hispanic and, for some measures, Black CTs, on factors such as percent crowding, percent with limited English proficiency, percent foreign-born (having the highest of any race/ethnicity), percent age C25 years without a high school diploma, and population density (Table 3) . However, these API neighborhoods have higher neighborhood SES measures than White CTs for measures such as median household income, median gross rent, and median value of owner-occupied houses. Predominately, API CTs are also predominantly Asian ethnic enclaves. Predominantly, Hispanic CTs are more evenly distributed among the top two quintiles of the Hispanic enclave index.
Results
Distributions of CNDS socioeconomic and built environment measures by neighborhood SES
Built environment measures do not appear to vary widely by predominant neighborhood race/ethnicity except for street connectivity measures. The size and length of street blocks are greater (indicating less walkability) in predominantly White CTs than in CTs of any other predominant race/ethnicity.
Distributions of socioeconomic and built environment measures by among colorectal cancer cases Table 4 presents the distributions of socioeconomic and built environment measures among colorectal cancer cases in California stratified by patient race/ethnicity. While these results are largely similar to the statewide CT-level distributions by race/ethnicity, they show that Hispanic colorectal cancer cases tend to live in CTs with slightly more favorable socioeconomic environments than the predominantly Hispanic CTs at the state level. For example, compared to the predominantly Hispanic CTs, Hispanic cancer cases live in CTs with a lower population density; lower percent crowding; lower percent of foreignborn residents and residents with limited English proficiency; greater percent in higher neighborhood SES quintiles; lower percent in the most unacculturated quintile of the enclave index; lower percent age C 25 years without a high school diploma and percent below 200% federal poverty level; and greater median household income, median gross rent, and median house value. Black colorectal cancer patients tended to live in neighborhoods with higher population density, shorter block length and size, and more walkable destinations. API colorectal cancer patients were also more likely to live near more walkable destinations and in neighborhoods with higher population density.
Black patients were more often diagnosed at larger, private or health maintenance organization (HMO) hospitals than the other races/ethnicities. Distance to diagnosing hospital was similar among all races/ethnicities. Patients were generally more likely to be diagnosed at hospitals with relatively higher proportions of patients of their same race/ ethnicity.
In summary, California CTs of higher SES also tended to be less built, and of lower Hispanic enclave status. The association between neighborhood SES and API ethnic enclave was less pronounced and may be due to the heterogeneity in SES of the combined API population. Predominantly White and API CTs tend to be of higher SES for most socioeconomic environment measures, while predominantly Black and Hispanic CTs tend to be of lower SES for most measures. The only built environment measure that seemed to vary with neighborhood racial/ethnic composition was street connectivity, with predominantly White CTs having larger size and longer length of street blocks. Patient-level distributions of socioeconomic and built environment measures by race/ethnicity were generally similar to CT-level distributions. Hospital-level factors varied across racial/ethnic groups of patients.
Discussion
The CNDS represents a comprehensive and geographically extensive resource, based entirely on secondary data and designed to include data that are easily accessible to most researchers. Our initial, primary objective was to create a resource that could be used in combination with an existing statewide cancer surveillance system to extend cancer surveillance to neighborhood factors. However, this innovative resource of detailed population-level information has been useful for expanding our research to understand how the surrounding environment can be addressed to reduce cancer burdens across the California population. This resource serves as a model for similar unique databases that could be created for other geographic regions, including those with cancer registries. Most studies of neighborhoods and cancer have been restricted to area-based socioeconomic measures. The few studies that have included both individual-based and areabased measures of SES have demonstrated independent effects of both individual-based and area-based SES on cancer incidence [65] [66] [67] and screening [68] . These findings strongly suggest that it may be useful to move beyond these area-based measures to identify the specific Race/ethnicity, immigration % foreign-born (category) neighborhood elements that appear to have a profound effect on cancer risk [69] . The development of the CNDS, with its linkage to data from a large population-based cancer registry, makes this more detailed and sophisticated research possible. Neighborhood environments can be measured in a variety of ways, including self-report, detailed audits, and GIS-based sources. As one goal for the CNDS was to be able to link it to the geocoded CCR database to enhance population-based cancer surveillance in California, we created this resource from secondary data available for the entire state. We also focused on socioeconomic and built environment measures to characterize those aspects of an individual's neighborhood environment anticipated to affect population variations in cancer incidence and outcomes. In this paper, we have used descriptive data to illustrate that the CNDS socioeconomic and built environment measures do indeed vary across neighborhoods, by SES and racial/ethnic composition, and among individual colorectal cancer patients, by race/ethnicity. The extent of the variability suggests that these measures may be sensitive enough for further characterizing variations in cancer incidence and outcomes, defining at-risk patient subgroups, and explaining racial/ethnic and socioeconomic disparities. However, the effects of these socioeconomic and built environment measures can vary by other neighborhood and patient factors such as SES, race/ethnicity, gender, and age, as we and others have shown [17, 70] . Consequently, we have found it important to consider interactions among these factors when examining associations with cancer incidence and outcomes. For example, in prior work, we found that for Black breast cancer patients, living in predominantly Black census block groups within highly segregated areas was associated with better survival than living in census block groups with fewer Blacks within less segregated areas. However, among white breast cancer patients, living in predominantly Black census block groups within highly segregated areas was associated with poorer survival than living in census block groups with fewer Blacks within less segregated areas [70] . Such results illustrate the potential for CNDS data to yield more detailed results (e.g., identify specific subgroups at risk) than cancer registry data alone and thus to be more useful in cancer control efforts. Neighborhood-level factors have the potential to influence health through a number of mechanisms. These include access to health-promoting resources such as social and health services, affordable and nutritious foods, recreational facilities, decent housing, and transportation; walkability; shared attitudes among the community toward health and health behaviors; stress; social support; and environmental exposure to toxins [1, 2, [29] [30] [31] [71] [72] [73] [74] [75] . As identifying underlying mechanisms for associations is certainly complicated [22, 27, 76] , researchers should be mindful of this complexity, defining particular mechanisms to be tested, identifying relevant intermediate outcomes such as physical activity and body mass index [77] , if appropriate, and selecting the most relevant neighborhood measures accordingly. In general, research on neighborhood factors also comes with its own set of methodological considerations, such as the scale of geography; the definition of ''neighborhood'' [78] ; confounding by proximity, or geospatial autocorrelation; the appropriate multilevel models and methods to use [79] ; sources of data; and policy implications [3] . Kawachi and Berkman [29] provide a comprehensive discussion of some of these methodological considerations. The use of cancer registry data also is subject to some limitations, including the lack of information on individual-level SES and residential history. However, these considerations are similar to those impacting research using measures from the CNDS in general, whether in conjunction with individual-level data from the CCR or from other sources. For cancer, contextual factors may be limited, especially for studies of incidence, as they often are measured at a single point in time, while cancer latency is long, and for most cancer sites, the most relevant exposure period is still unknown. In such studies, it may be worthwhile to collect residential history data from individual patients and geocode and link these to historical contextual data [3] . Individual-level factors also may interact with neighborhood-level factors to impact health [17, 69] ; findings from recent studies suggest that individual SES (usually measured by education and/or income) and neighborhood SES are both important to breast and prostate cancer risk [65] [66] [67] . Future studies also should consider the interactions between individuals' selfreports of their neighborhoods and neighborhood measures based on secondary data, as these may indicate differences in how individuals perceive and use the same neighborhoods. Although individual-level SES information is not currently obtained by US population-based cancer registries, including the CCR, the measures in the CNDS can be linked to other datasets with individual-level SES data, such as from case-control or cohort studies, thus expanding the scope of studies to include multilevel analyses.
The components of any data resource on neighborhood characteristics are dynamic, as neighborhoods can change, and new data can become available, particularly with the increasingly widespread use of GIS. For example, we are currently evaluating the utility of using location data on parks and other points of interest data used in geographic positioning systems (GPS). Accordingly, the measures in the CNDS should be perceived to be dynamic and likely to evolve as new measures are available; for example, we will add to the CNDS measures from the 2010 Census when they become available. Some measures cannot be included because they are not widely available; in the CNDS, we were unable to incorporate a measure of criminal activity, as these data currently only exist at the jurisdiction-, city-, or sometimes even county-level [80, 81] , which encompass large and heterogeneous catchment regions for many areas in California.
The CNDS represents an important example of how existing, geographically based data sources collected for varying purposes can be manipulated and combined to any geocoded, individual-level health dataset to address the role of contextual factors on population patterns in disease outcomes. In addition, as we have demonstrated, it can be linked to large-sample population-based cancer surveillance data in order to conduct in-depth studies vital to cancer monitoring, control and prevention. Researchers interested in collaborative work using the CNDS-CCR resource, or in access to the CNDS for research in California, should contact the authors for further information. The use of GIS-based strategies as well as mapping techniques will further improve the use of contextual measures and continue to add value to the disease surveillance systems they complement in future studies. For cancer, these contextual measures, used in conjunction with the routinely collected cancer registry data on patient and tumor characteristics, and treatment data, enable the type of ''cells-to-society'' research now recognized as important for addressing population disparities in cancer [13] .
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